reported iodine levels in over 700 teenage girls living across the UK. 4 Results suggested that this group were mildly iodine deficient, with a median urinary iodine concentration (UIC) of 80 µg/L (deficiency <100 µg/L). Published data from the Republic of Ireland (ROI) also indicated mild deficiency in the general population in the 1990s and, more recently, in pregnant women. [5] [6] [7] Iodine is found in a range of foods, with the richest sources being fish and dairy products. Within Ireland and the UK, milk and dairy products tend to be the main sources of dietary iodine. 8, 9 The amount of iodine in foods varies according to the iodine content of the soil, time of year (with iodine content of products such as milk being higher in winter as compared to summer months) and farming techniques (use of iodine-containing cattle feed and cleaning agents). The UK and ROI have no formal iodine fortification programme in place, so that iodine status depends entirely on dietary intake. This contrasts with many
European countries which have a programme of salt iodization in place. 5 Population iodine status may be assessed in a number of ways although the gold standard remains population median spot urinary iodine concentration. 10 Other methods include the prevalence of goitre, and blood thyroglobulin concentrations. The World Health
Organization (WHO) has further proposed that neonatal thyroidstimulating hormone (TSH) levels may also be used to assess the iodine sufficiency in populations and to investigate the effect of iodination programmes. 5 Screening programmes for nTSH are predominately to detect and monitor congenital hypothyroidism where nTSH ≥20 mIU/L is considered diagnostic and a nTSH ≥10 mIU/L warrants repeat sampling. Screening for neonatal hypothyroidism was started in the UK between 1979 and 1981. 11 Neonatal TSH is considered to be a sensitive marker of iodine status because of the relatively low iodine content of the neonatal thyroid and high turnover.
In the presence of iodine deficiency, iodine turnover within the neonatal thyroid is further heightened, resulting in hyper stimulation of TSH. 12 The WHO suggests that, within a population, a prevalence of <3% of nTSH values above 5 mIU/L may be used to indicate iodine sufficiency. 5 It has also been suggested that, rather than absolute cut-offs, nTSH trends over time may be a more suitable method of monitoring iodine status in mildly deficient populations. 13, 14 Such a trend was identified in a study of nTSH in ROI births between 1995 and 2006. 13 In this study, according to the WHO cut-off, the Irish mothers were considered iodine sufficient during that time. However, a year-on-year upward trend of TSH >2 mIU/L was observed. The authors pointed to the potential for the population to become iodine deficient and advocated continued monitoring of blood spot neonatal TSH levels into the future.
Studies have been undertaken in Belgium, Wales and Australia, with considerable variation observed in neonatal TSH levels. 13, 15, 16 In the majority of these studies, when applying the WHO recommended cut-off, authors concluded that the frequency of TSH concentrations above 5 mIU/L was unexpectedly low, considering that within those countries there were numer- Results for nTSH frequency >10 and >20 mIU/L were 0.13% and 0.06%, respectively. There was no evidence of seasonality with either the >10 mIU/L or the >20 mIU/L cut-points.
| Statistical methods
Use of robust variance estimates in the multiple regression to mitigate the effects of autocorrelation did not materially alter the findings.
| D ISCUSS I ON
Based on the WHO proposal of iodine sufficiency, the population of 19 It has been suggested that the cut-off of 3% frequency of nTSH >5 mIU/L is not sensitive enough to detect mild iodine deficiency. This is because several studies have observed median urinary iodine concentration, which is still regarded as the gold standard, within the mildly deficient range which was not accompanied by a ≥ 3%
frequency of nTSH >5 mIU/L among the same populations (Table 2) .
Although there is no matched maternal urinary iodine data in NI that corresponds with the years 2003-2014, we can point to three local cohorts with urinary iodine sampling performed around these time frames. Firstly, the NI subset of the UK schoolgirl cohort from 2009 was found to be mildly iodine deficient. 4 We have also reported recently, in abstract form, low median urinary iodine levels in a cohort of NI pregnant women from 2014 to 2015 which was found throughout all trimesters and into the post-partum period. 20 However, we have also reported in abstract form a further cohort of schoolgirls surveyed from NI in 2014-2015 as part of a larger survey in the whole of Ireland which was found to be iodine sufficient albeit at the lower end of the normal range. 21 We have found significant difficulties in sampling schoolgirls using the gold standard method of median spot urinary iodine concentration because of reticence about participation among this age group. This means that sampling biases are likely to explain some of the varying results from these studies. Overall, we consider these cohorts in NI to fit into a pattern of borderline sufficiency and at times mild iodine deficiency.
A lower cut-off of >2 mIU/L for assessing population iodine status has been suggested by some authors. Our frequency at a cut-off of >2 mIU/L was 6.2% compared to the Welsh cohort of 10.9%-11.9% and the Belgian cohort at a frequency of 21%-40% 13, 15 ( Table 2) . Each of these geographical areas has been previously documented to have mild iodine deficiency.
It has been suggested that trends in blood spot TSH within the normal range should also be examined for changing iodine status Table 2) . Potential explanations for these differences include the timing of sampling and also differing TSH methodologies, but the variation could also be due to potential differences in geographical and nutritional factors between the cohorts.
13-16
The timing of blood sample collection is likely to impact on nTSH results. Lott et al have described the decline in blood spot TSH in American newborns over the first days of life with the 97.5th centile TSH dropping from 17 mIU/L at 2-3 days to 12 mIU/L at ≥4 days. 23 Guidance on when samples are collected differs depending on National Screening Programme Centre standards. 11 The Belgian cohort had TSH collected three to five days after birth which may, in large part, explain their higher levels while the Welsh cohort collected at 5-8 days which was like the NI cohort. The Welsh authors used the same methodology and assay as the current study and they noted a difference between day 4 and day 5 measurements (1.5% vs 0.99% with nTSH >5 mU/L). We do not have a breakdown of samples per day in this study. Sampling was encouraged, and usually happened, on or around day 5.
Blood spot sampling quality may impact on nTSH results. Samples in this study were processed from one centre (Regional Endocrine Laboratory, Belfast) which was subject to the UK External Quality despite the authors' attempts at standardization resulting in a higher percentage of raised nTSH values. Our study demonstrated a modest seasonality in nTSH, with levels rising within the normal range during spring/summer months of March to August indicating lower maternal iodine stores as compared to September to February. Seasonality of cases of congenital hypothyroidism has been described in some but not all cohorts. [25] [26] [27] Seasonality of nTSH results in the upper end of the normal range rather than seasonality of cases of confirmed congenital hypothyroidism may be a more sensitive marker of iodine deficiency for a population at the lower end of iodine supply. Our results were similar to the ROI and Belgian but not the Welsh cohort. [13] [14] [15] Our results mirror the findings among a large cohort of UK schoolgirls demonstrating seasonal variation in median urinary iodine concentration with lowest levels in the summer months. 4 The mechanism of this could in part be due to the previously reported seasonal variations in dairy produce (the principal source of dietary iodine in UK and Irish diets) with lower levels of iodine found in foods in summer months when the content of fodder changes. 9 The peaks in nTSH in the current study were seen in late spring as opposed to the summer months so this was slightly unexpected. A further mechanism may involve seasonal vitamin D metabolism affecting the hypothalamic-pituitary-thyroid axis with recent studies indicating an inverse relationship between vitamin D levels and TSH. 28, 29 This article is the first publication of its kind from Northern
Ireland and one of the largest cohorts in the UK. Results suggest no severe iodine deficiency in this population using over 280 000 
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